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This application is a continuation in part of 
our copending application of the same tifle, 
Serial No. 393,424 fi]ed MaF 14, 1941, now 
abandoned. 
It has been understood that where molten metal 
is to be introduced into ,an open hearth furnace 
or equivalent refming device, theoretical ad- 
vantages could be obtained bF pretreating the 
molten metal with mill scale or other forms of 
iron oxide. These advantages include an im- 
mediate and valuable reduction in the silicon 
and manganese contents of the molten metal and, 
under some circumstances, reductions in the con- 
ten.t of phosphorus, sulphur, .and other impurities. 
The use of mfll scale or other waste oxides would 
be valuable from the standpoint of utilization 
of waste materiais; and a successful treatment 
would result in the realization of iron values from 
such materials. 
I-titherto, in ail attempts to treat molten blast 
furnace metal with Iron oxide, the oxide was 
either added to the ladle in which the pig metal 
is tapped, or to the molten metal as it flows 
through the blast furnace runner, so that it will 
be carried bF the metal into the lad]e, or both; 
but the known procedures involve such serious 
difliculties that in .all instances in which they 
have been tried, theF have had to be abandoned. 
The reaction between the metal and the oxide 
is exothermic and maF become violent and ex- 
ploslve, so that the danger to workmen is ex- 
cessive. 
The preferred waF of getting metal from the 
blast furnace to the open hea»th is to col]ect 
the metal from the blast furnace runner in mixer 
cars, e« g. Pugh lad]es, whence if is poured as 
required into open hearth lad]es for charging. 
The Pugh lad]es make the use of mixers un- 
necessary, and permit the holding of metal in 
molten form for as long as maF be necessary. 
But when iron oxide is added to the blast fur- 
nace metal ,s described, it tan no longer be col- 
]ected in a Puih lad]e. The reaction produces an 
acid slag of high melting point which bui]ds up 
in Pngh lad]es, attacking their linings and ulti- 
matelF rendering them nseless. Hence the metal 
must first be run and treated in an open top 
blast furnace ludle, from which, when the re- 
.action is completed, it musç be tapped into a 
Pugh ladle with removal of the slag. This in- 
volves extra equipment, labor and çime de]aF, as 
well as substantial heat loss in the meta]. 
The treatment as hitherto known was in- 
capable of chemical control. There is no waF of 
ascertaining exactlF the chemical content of a 
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batch of blast furnace metal in advance of tap- 
ping the furnace; but once the furnace is tapped, 
it is necessary to take the metal. Hence if if is 
to be treated with iron oxide, the oxide mnst be 
5 added by judgment or guess based upon observa- 
tion of the action of the furnace. 
The chier objects of our invention are the pro- 
vision of a treatment method and apparatus 
whereby these disadvant,ages are all eliminated, 
10 and whereby the theoretical advantages of a pre- 
purification of the metal with iron oxide can be 
attained in practice. 
It is an object of out "invention to avoid the 
safety hazards involved in the former known 
15 treatment. 
It is .an object of our invention to provide a 
process in which blast furnace metal can be col- 
lected, handled, held and dispensed to the open 
hearth furnaces in the manner and by the means 
20 heretofore round most advantageous, but in which 
the meta] may nevertheless be treated with iron 
oxide. 
It is an object of our invention to provide a 
process of treating molten blast furnace metal 
25 with iron oxide in which any re-lad]ing for slag- 
ging purposes is eliminated entirelF. 
If is an object of out invention to provide a 
process of treating molten blast furnace metal 
with iron oxide in accordance with the prin- 
3O ciples of exact chemical control, and based upon 
the known content of the metal of the impuities 
to be removed. 
I is an object of out invention t0 provide a 
process of treating molten blast furnace metal 
35 with iron oxide which requires no containers for 
molten metal other than those customarilF used 
for untreated metal and which requires additional 
apparatus of negligible cost onlF. 
We accomplish these objects, and others which 
4O will be pointed out herein o.» wfll be apparent to 
one skilled in the art upon reading this specifica- 
tion, bF that certain construction and arrange- 
ment of parts and in that procedure, of which 
we shall now describe an exemplary embodiment. 
45 Reference is made to the drawings wherein: 
igure 1 is a plan view of an exemplary treat- 
ment apparatus according to out invention. 
oeigure 2 is a side elevation thereof. 
Our invention is based upon a concept o£ treat- 
5o ing the molten metal very rapidly and in the 
increments desired for charging into the open 
hearth furnace, as against treating the whole 
molten metal content of a blast furnace cast as 
the metal is being tapped therefrom. In this 
55 fashion control may be exercised-as hereinafter 
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explained, and the disadvantages of former pro- 
cedures eliminated. But the successful opera- 
tion necessitates carrying on the reaction hot 
only in a controlIed manner, but so rapidIy as 
to bring it to completion within the space of rime 5 
required for the filling of a vessel suitable for 
harging an open hearth furnace. We bave 
round that this may be accomplished by speciaI 
procedures in carrying on the reaction, and 
der the special circumstances hereinafter out- 10 
lined. 
We shall use the term "blast ïurnace '- to indi--- 
cate generally the point of origin of the molten 
moral; and we shall use the term ."open .hearth.- 
furnace" as indicative of the. means  for refin- 
ing the molten moral. 
tri out practice the pig moral from the blast  
furnace is tapped thereïrom and run into mixer 
cars or Pugh ladles, as in the accepted practice 
for non-treated moral. In these Iadles the 
molten, moral, can be. held without, losing, its 
molt'en-hcharacter for such. periods of. rime. as to 
permitïconvenient charging.of the open.hearth 
farnaces in .accordance .with their requirements. 
No,attempt is made at-this stage to treat'.the 25 
moral; but during the holding period an analysis 
is:made of the moral to. determine its content of 
impuritïes, e. g. of silicon and manganese.. On 
this.anal.Ysisa calculation.is ruade of the quan- 
tity"o£ iron oxide required:per_unit quantity of 30 
tlm molten metal to reduce its content of impuri- 
ries to a desired value in the light of. advanta- 
geous»openhearth practice. 
In': ordinary practice for charging the open 
hearth furnaces, the moral is poured as. recuired 35 
from :the P-ugh ladle into open hearth ladles. 
The apparatus departure we-make-in .accordance 
withthis invention involves the provision.of 
runner_ to.receive:the _moral from the Pugh- ladle 
and::deliez It to the openhearth ladle, together 40 
with a:.means :f0rïfeeding_iron oxide into the 
runner. 
The:moltenmetal is poured into the runner 
under: conditiOns in which the volume of  the 
strearrcan".be/controlled.. Increments .oî oxide 45 
are introduced-intoh thé: runner, along with the 
molen=metal. The increments so added total 
therquantity-of iron. oxide shown to be required 
b:«the«analysis for the particular quantity of 
nzetal :to :be poured .through the runner into the 50 
desiredbatch, receiving vessel. 
The mo]ten moral, having been .treated with 
the:ionoxide is delivered at the end 0f the-run- 
ner:irito-a'lad!esuitable fr charging the metal 
irto the. open hearth. The pouï'ing is discon- 55 
tiziued;as soon as .the desired quantity of moral 
has.been introduced into the ladle.. The process 
does hot delay the transferof the metal from the 
Pugh " .]gdle-to -the -fm-nace. 
t-:will nov beevident that the success of our 60 
process-involves carrying on.the reaction in a 
very:,rapid and controlled manner so that it will 
15ecompleted or suSstantially-completed during 
thè .short rime required to fill an open hearth 
ladle-ïrom a Pugh ladle (or as hereinafter set 65 
ïrth,. ïrbm two Pugh-lad!es pouring simulta- 
neously.and.rapidly). Ve have round that this 
can be done if the following, conditions are met: 
1.: ttAs essential hot on]y that the iron oxide 
be.added to the mo]ten moral in the runner but 70 
alto-ttiat it be mixed with the molten moral in 
thCrunner, tfiron oxide be added to molten 
metat:in a b1st furnace, runner it tends .to float 
upon.the surfaceof the moral and is carried 
ttïereby:into the-ladie, tri this event, as also in 75 
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the case where the oxide is added directly to the 
ladle, whatever mixing there is occurs primarily 
in the ladle. This will hot serve our purpose; 
and we can neither add all our oxide to the 
ladle nor can we allow it to be floated into the 
ladle substantially unmixed. In either event the 
reaction is incomplete and uncontrollable. 
2: We provide a runneï" so  constructed as to 
have an enfolding function for the iron oxide. 
Out ru]ner has a receiving head or hopper into 
which we pour the moral in one or more streams 
and. into which we also introduce the oxide. 
-Y!iking occurs at this point. Again the open 
runner leading from this head or hopper is hot 
straight :butais. tortuous in the sense that it has 
one--or more-sNarp bends at which straight sec- 
tons, join each other at substantial angles in 
connecting boxes. Thus the direction of fiow of 
the moral is sharply changed, and at the boxes 
the moral rides up the sides at the outside of the 
turnsand,; as.it were, folds over upon itsel, en- 
closing and. enveloping any- quantities .of the ox 
ide -whiclr tend -to. float on- top, and actively -mix, 
ing the oxide with the moral before the-metul  
enters the Iadie. 
3,. The iron oxide must be-added graduatly and 
substantially-uniformly to the--molten moral. 
This is -done--by  a- mechanically uctuated: .food 
hopper located- above-the-receiving-head.. Dur - 
ing the greater portion of the pouring, and-pref- 
erably-during-all of iç, equal :increments-of the 
oxide are added to equaI increments of. the-molten 
moral. The-metal is- poured-rapidly from. one. 
or- two Pugh- ladles ..into-.the receiving- head: or 
hopper .of the-runner, but evenly, and .the.-oxide 
is. thus -evenly -and fah'ly uniformly: associated 
with the-metat, quantityoEor quantity, before..the 
moral enters-the open hearth ladle.- Thon.rate. of 
pour from the Pugh ladle or ladles:is - of-course 
control!ed by the motors ti]ting-the- ladles,and 
the rate of îeedin of the-oxide-is control]ed by-a 
motoi: on or in connection-wih the oxide hopper: 
4 Nevertheless, the type of treatment reagent 
must-be one -vm'y. rapid.in its action. Not every 
form of-iron oxide can be-used: tron-.ores -, of 
various types, oxidebearing fiue dusts and  the 
like; available in the former processes;- are..not , 
suflïciently rapid nor-slffIiciently easily miscible 
with the .molten moral for-out p'ocedure.- We 
have round that mill scale is, however, suflïciently 
activeand suflïciently heavy to enab]e us to treat 
moral in the way herein described, and this. is:the 
oxide which we use. 
Vhen these conditions are re.et, the-reaction 
takes-place in substantia! measure-in the runner 
and also continues for ashort period in the ladle. 
t is strongly exothermic and very active. The 
meta! inthe runner givesoff a shower of sparks, 
but there is little likelihood of expIosionif pre- 
cautions are taken fo assure a dry condition of 
the mil] scale: The reaction is ]arge]y controlled 
by the continuous proportioning of the mill 
scale to the molten moral. The circumstances 
are such. that the operators may be adequately 
shielded and protected.: They are not.required 
to work in exposed positions about an open runner 
asatthe blast furnace. The flow.of moral from 
the Pugh ladles ma.v, of Course, be cut off atany 
rime. 
The meta! co1Iecting fl the open hearth ladie 
is also active, but Iess violently so. If, as the 
ladle becomes .nearly full, a tendency to boilover 
appears, the moral may be quieted by the addition 
of a smaller quantity of salt to the. ladle» This 
is hot usua]Iy necessary; the reaction rapidly 
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spends itself, and the high-melting point acid 
slag formed by the reaction begins to congeal 
on the top of the molten moral. 
The ladle is thon carried directly to the open 
hearth and the hotmoral charged into it. This 
may, if desired, be done by tapping the ladle so 
as to separate the s!ag. In the majority of in- 
stances nearly all the slag will have formed a 
stiff crust on the metal, so that it is possible Go 
pour the moral from the ladle into the open hearth 
by tilting the ladle in the usual way, the bulk 
of slag remaining in the ladle. Afterward the 
slag may be removed from.the ladle by up-end- 
ing it over a thimble or the like. 
Since the moral is treated as desired for charg- 
ing, and since the treated moral is .charged at 
once into the open heàrth without re-ladling for 
slag removal, the heat generated by the exo- 
thermic reaction is no longer lost; but the charged 
moral is hotter than the moral.in the Pugh ladles. 
This is hot only important in the matter of open 
hearth efciency, but is especially valuable when 
it has been necessary for any reason fo hold the 
moral in the Pugh ladles until its temperature has 
become too low. 
The distance of the blast furnace from the 
open hearth is hot in any sense determinative of 
the utility of our process. The Pugh ladie, as in 
ordinary practice, permits holding the molten 
moral until required for charging, and also per- 
mits its interim transportation should that be 
necessary. For reasons which will now be clear, 
however, our treatment of the molten metal with 
mill scale, to realize aH of ifs advantages, must 
be carried on so close fo the open hearth that the 
treated metal may be collected in an open hearth 
charging ladle and charged directly into the 
furnace. 
All of these factors permit us fo introduce 
into out open hearth furnaces charges of mol- 
ten metal of enhanced iron value and at higher 
temperatures than would be possible otherwise. 
There molten moral charges, together with 
charges of scrap and the like, and charges of 
treatment reagents, permit us to operate the 
open hearth furnaces under improved conditions. 
The treated metal may be introduced without 
that slag which results from the treatment with 
the mill scale. The added heat enables us fo 
shorten the cycles in the open hearth furnace, 
and the pre-reduction of the silicon and man- 
ganese contents of the molten metal reduces the 
slagging problem in the furnace. 
In the drawings of out exemplary apparatus, 
we have indicated at  a framework or housing, 
and af 2 and 3 mixer cars of the Pugh type. 
These cars move on tracks 4 and 5 at a high level 
on the framework and interspaced, so that the 
mixers of one or both mixer cars may be simul- 
taneously rotated on their axes fo pour the molten 
metal into the head 6 of the runner which is 
located between the two tracks. The hopper 
for the mill scale is indicated at 5. This hopper 
is mechanically actuated fo deliver a controlled 
stream or controlled increments of the mill scale 
into the head of the runner, as required by a 
controlled rate of pour from the Pugh cars. 
The runner proper is a reïractm-j lined stloEc- 
ture of tortuous character te assis0 in the mix- 
ing and comprises angularly relaîed straight sec- 
tions  and corner boxes a wherein the over- 
folding action of the mo]len moral takes place. 
If may also bave, if desre(, one or more vertical 
drops in it to enhance he mixing action. It is 
located between the tracks and ai a lower level in 
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the framework  as shown. This permits U 
fence or house the runner, as indicated at. 9, 
and  , whereby the workmen are protectedfrom 
the violence of the reaction occurring therein. 
5 The operator. who controls the rate of pourig of 
the hot metal and the addition of the scale may 
be conveniently and safe]y located in a control 
house provided :with a saïety glass window lo- 
cated immediate]y behind and below the scale 
10 hopper. The runner, near the end remote from 
the head, passees under one of the tracks .as 
shown and delivers the mo]ten metal into a lad]e 
! 2 located af a still lower, level. When the ]adle 
is fu]l or has received the total quantity of mol- 
15 ten metal intended for. if, it. is picked up by a 
crane and ta.pped or poured into the. open hearth 
ïurnace or furnaces (not shown). "  : . .. 
It.will have been noted that we preferably pro- 
vide two tracks and two mixer cars for reasons 
20 a!ready given. But we may thus, if desired, pour 
meta]s of dissimilar analyses simultaneously ino 
the runner for treatment. This practice im- 
proves uniformity of the addition of hot metal in 
the open hearth practice, and. enables us to make 
25 minimum additions of scale in out treatment. In 
egular practice, by mixing metal from tvo 
]adles, or by pouring single ladles, as the ana]ysis 
may indicate, we are enabled fo work closer to a 
comïnon end point, say 0.35 to 0.45% silicon, 
30 which will allow the use of a maximum ratio of 
hot metal fo scrap in the open hearth, without 
charge ore additions or permit a still higher hot 
metal ratio with only small charge ore additions. 
Charge ore additions are likely to cause serious 
5 foaming of the metal bath in the open hearth 
furnace. We secure a greater uniformity of out 
metal because of close control of the silicon in 
the hot metal, in addition to the other advan- 
rages of out process. 
40 If is not outside the purview of our invention 
fo use other treatment reagents along with mi]l 
scale for special purposes. In some operations, 
finely crushed manganese ore may be used like 
mil] scale fo reduce silicon, while preserving 
45 manganese in the molten metal. Manganese ore 
likewise has an exothermic reaction with molten 
iron. 
Other treatment agents may also be employed. 
Soda ash, barium oxide or other alkali com- 
5O pounds may be added fo reduce sulphur. These 
do not bave a significant exothermic effect, but 
may be addedalong with mill scale or manganese 
ore. The very corrosive slag they produce can, 
in our process, be kept out of the open hearth 
55 furnace er other refining means. 
hodifications may be ruade in oto" invention 
without departing from the spirit of if. Having 
thus described out invention, what we claire as 
new and desire to secure as Letters Patent is: 
60 1. Apparatus for the treatment of molten pig 
iron metal comprising interspaced tracks upon 
which carriers for melten metal may be run, 
means for supperting said tracks af an elevated 
level, a runner ' located between said tracks, 
«5 adapted to receive molten moral ïrom said car- 
tiers simultaneously and located af a lower level, 
a hopper adapted fo deliver mfll scale into said 
runner, and a ladle located af a still lower level, 
and housing means surrounding said runner. 
70 2. Apparatus as claimed in claire 1 in which 
said ladle is located at the side of one of said 
tracks remote from the interspace between the 
said tracks, and wherein an end of said runner 
passes through one of said housing means. 
5 3. A process of supplying improved, molten 
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blast furnace iron to an open-hearth furnace, 
which comprises tapping the molten metal from 
the blast furnace into a refractory lined vessel, 
and ai a-pointadjacent an open hearth furnace, 
pouring it rapidly from said vessel into a tortuous 
runner, adding mill scale toit in the said runner 
in increments proportioned fo the rate of flov 
therethrough, adding equal increments of mil1 
scale to the runner along with equal increments 
of'molten meal during a portion ai least of the 
pouring, the mill scale mixed with the molten 
metal ,being proportioned to the known content 
of silicon and manganese in the molten metal, 
the-molten metal poured into the runner being 
simultaneously derived from sources of different 
analyses, delivering it from the runner into a 
ladte in quantity suitable for charging it into the 
open hearth, discontinuing the said pouring upon 
the. accumulation, of a charge in said ladle, and 
promptly transferring he metal from said ladle 
into said .open hearh furnace. 
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